Granular cell tumor (GCT) is a diagnostic designation of a tumor with characteristic microscopic features that include a multilobular to sheetlike pattern of growth with well-demarcated polygonal cells containing abundant eosinophilic, periodic acid-Schiff (PAS)-positive and diastase-resistant cytoplasmic granules. Granular cell tumors have been described in human beings,4.*J3 rats,I0 dog^,^,^ horses,'t9J1J4 cats,I2 and a bird.I2 In human beings, GCT occurs most commonly in the skin and tongue but is sometimes seen in other soft tissues, including the central nervous ~y s t e m .~ In the rat, GCT is most commonly meningeal, and in the dog it is most common in the tongue, although atypical locations have been described in both of these specie^.^.^ In the horse, GCT has been recognized as a primary pulmonary tumor that is usually unilateral and extensive when it becomes clinically apparent and is characteristically associated with and protrudes into major airway^.^
The histogenesis of GCT in human beings has been the subject of extensive review. Electron microscopic studies have suggested a Schwann cell or primitive neuroectodermal cell origin. 13 An immunohistochemical study of 22 GCTs in human beings showed 100% of the tumors were S-100 and vimentin positive, and a variable proportion were Leu I and myelin basic protein positive.* These findings are indicative of a Schwann cell histogenesis for most GCTs in human beings. Rat meningeal GCT has also been studied with electron microscopic and immunocytochemical techniques, and a neural-crest-derived primitive meningeal arachnoid cell is thought to be the cell of origin in this species.loJs
The results of this morphologic and immunohistochemical study of three equine pulmonary GCT provide evidence to support the hypothesis that these tumors are neuroectoder-ma1 and possibly Schwann cell derived.
The case material was from three horses necropsied at Cornell University, Ithaca, New York, during 199 1 and 1992. Horse No. 1 was a 15-year-old female mixed breed, horse No. 2 was a 22-year-old female mixed breed, and horse No. 3 was a 20-year-old female Quarterhorse. Horse Nos. 1 and 2 were presented with a history of progressive respiratory disease over "years," which had been clinically interpreted as chronic obstructive pulmonary disease ("heaves"). Horse No. 3 was euthanatized because of neurologic disease secondary to head trauma, and the pulmonary mass was asymptomatic and an incidental finding at necropsy.
On gross examination, all three tumors were unilateral, multinodular, expansile, firm, and white. All were located primarily near the hilus of involved lung lobes, two were located in the left lung (horse Nos. 2, 3) and one in the right (horse No. 1). All had a characteristic growth pattern of smooth nodules, covered with glistening respiratory mucosa, protruding into major airways (Fig. 1 ). The size ranged from approximately 3 x 1 x 1 cm in the asymptomatic horse (No. 3) to approximately 30 x 10 x 5 cm and multinodular (horse No. 2). There was no evidence of metastasis in any horse.
Samples of the neoplasms and major organs were fixed in 10% neutral buffered formalin, embedded in paraffin, and sectioned at 6 pm. Sections of the neoplasms were stained with hematoxylin and eosin (HE), PAS, PAS after treatment with diastase, toluidine blue, alcian blue, luxol fast blue, Gomori's reticulin, and Masson's trichrome. Unstained deparaffinized sections from each tumor were immunohistochemically stained with monoclonal antibodies for vimentin, cytokeratins (AEl/AE3), S-100, Leu 7, desmin, and neuronspecific enolase (NSE) using a streptavidin-biotin procedure at dilutions as indicated in Table 1 .
The immunostaining techniques were as follows. Unstained sections 6 bm thick were deparaffinized and blocked for endogenous peroxidase in 0.5% H,O, in methanol for 10 minutes. Tissues for cytokeratin antibody staining were trypsonized in 0.1% trypsin in 0.1% CaC1, solution (pH 7.8). Tissues for vimentin antibody staining were subjected to an antigen retrieval technique by heating in distilled H,O in a microwave oven at 720 W twice for 5 minutes each time. All tissues were incubated with the primary antibody at 37 C for 2 hours, with the biotinylated secondary antibody for 10 minutes at room temperature, and with the streptavidin/ peroxidase conjugate for 5 minutes (Vector Laboratories, Burlingame, CA). Slides were then developed in a 0.05% Serial sections incubated with nonimmune serum from the same species from which the primary antibody was derived were used as negative controls. Positive control tissue either was normal pulmonary tissues contained within the sections of the neoplasms (cytokeratins, vimentin, desmin, Leu 7) or was provided by sections of normal dog spinal cord and spinal roots (S-100, NSE).
The histologic appearance of all tumors was remarkably similar and was consistent with features that have been previously described. 1 x 3~1 1 3 1 2~1 4 Large polygonal neoplastic cells were arranged into sheets divided by irregular fibromuscular septa. The cells had prominent eosinophilic cytoplasmic granules (Fig. 2 ) that were PAS positive and diastase resistant. These granules were alcian blue and luxol fast blue negative and were not metachromatic with toluidine blue.
Immunocytochemical staining results were similar in all cases. Vimentin and S-100 immunostains were both diffusely and strongly positive. Vimentin staining was granular and restricted to the cytoplasm, and S-100 staining was granular and involved both cytoplasm and nuclei (Figs. 3,4) . All other immunostains were negative in all neoplastic cells.
The gross and histologic features of the GCT in these horses are similar to those described previously in the horse. The ultrastructure of equine GCT has been described and is analogous to that of GCT in human beings.11J3J4 Ultrastructurally, three types of cells are generally seen: primitive fibroblast-like interstitial cells, angulate body cells with prominent accumulations of cytoplasmic intermediate filaments, and granular cells with small and large cytoplasmic granules. The small granules are typically associated with an active Golgi apparatus, and the larger granules are multivesicular autophagic vacuoles. The angulate body and granular cells have a variable presence of basement membranes, and the three cell types have been suggested to represent a continuum of differentiation from the primitive interstitial cell to the angulate body cell to the granular cell.I3 These ultrastructural features are similar to the fine structure of Schwannomas and have been suggested as morphologic evidence of a Schwann cell origin.l3
Immunohistochemical staining of soft tissue GCTs in human beings have shown them to be 100°/o positive for S-100 and vimentin and variably positive for peripheral myelin proteins using Leu 7 and myelin basic protein antibodie~.~,~ Vimentin is an intermediate filament most commonly associated with cells of mesenchymal origin, and S-100 is a calcium-binding protein most commonly found in cells of neural crest origin.17 Myelin basic protein and Leu 7 are both antibodies directed against components of Schwann cell-derived myelin. Positive staining with these immunostains is further evidence for a Schwann cell origin for most GCTs in human beings. 8 In the rat, meningeal GCTs are reported to be vimentin positive and usually S-100 negative. The ultrastructural features are similar to and seem to show a continuum with meningothelial meningiomas.loJs Therefore, these tumors have been suggested to be derived from a primitive meningeal arachnoid cell.Io The leptomeninges arc neural crest presented here and suggest that equine pulmonary GCTs have a uniform histogenesis of neural crest origin. The reason for the difference in NSE staining is not readily apparent; however, in human beings Schwannomas and neurofibromas are only occasionally positive for NSE, and negative staining with this antibody does not preclude a neural crest histogenesis. 16 In the comparative study,12 different staining conditions were used, including a different primary antibody concentration and a 30-minute pepsin predigestion, and differences in technique may account for this disparity in NSE staining.
Equine pulmonary GCTs have characteristic gross, histopathologic, and immunocytochemical features. The ultrastructural features and immunocytochemical findings of S-100and vimentin-positive staining both support a neural crest and possible Schwann cell origin, similar to that of GCT in human beings and rats. The consistent gross, histopathologic, and immunocytochemical features of this neoplasm should allow accurate diagnosis and histogenetic interpretation of these neoplasms in the horse. derived. Therefore, meningeal tumors would be expected to be S-100 positive, and it is not clear why rat meningeal GCTs are usually S-100 negative.'
The consistent and strong positive staining of these equine GCTs with vimentin and S-100 is similar to staining seen in human GCTs. In addition, the previously described ultrastructural features of GCTs in horses are comparable to those reported in human beings. The histologic, immunocytochemical, and ultrastructural similarities of the equine GCT and the human and rat neoplasms is compelling evidence for a comparable neural crest histogenesis. The cell of origin may be the Schwann cell; however, the lack of staining for peripheral myelin proteins with Leu 7 antibody suggests a lack of complete Schwann cell differentiation. We have identified three well-differentiated cutaneous Schwannomas in horses with characteristic Antoni A and B regions and verocay bodies. These tumors have also been S-100 positive and Leu 7 negative; therefore, the lack of staining with Leu 7 in these GCTs does not eliminate the possibility of a Schwann cell lineage (Dr. B. A. Summers, personal communication).
The morphologic similarity of GCTs across species suggests a common histogenetic origin. However, some authors believe that GCTs represent a biologically heterogeneous group of neoplasms with similar morphologic features. l2,I5 In a recent study, the immunostaining characteristics of GCT from a number of species were compared, and were found to be of varied histogenesis, including neural crest, myogenic, and histiocytic origin.1z The one equine pulmonary GCT was positive with S-100, vimentin, and NSE. Other than positive staining with NSE, these findings are similar to the results Immunology and Immunopathology of Domestic Animals is intended as a textbook for veterinary students, a source book for practitioners, and a reference book for graduate students. It provides a broad overview of the basic principles of immunology and immunopathology, using relevant examples of veterinary interest. It is a text for veterinary students and those wishing an introduction to the discipline. Stylistically, the book is readable and straightforward.
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